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(57) ABSTRACT 

Alens barrel includes a Zoom frame for holding a ?rst-group 
frame and a second-group frame that is held so as to advance 
and retract in the inner peripheral portion of a second Zoom 
frame. Three folloWer pins are implanted in the second 
group frame, and each of the folloWer pins includes a ?ange 
portion and a thrust abutment portion. The ?ange portions of 
the three folloWer pins are interposed betWeen the outer 
periphery of the second-group frame and the inner periphery 
of the Zoom frame. The decentering of the optical aXis of the 
second-group frame is adjusted by the difference of the 
thicknesses of the ?ange portions. Further, since the thrust 
abutment portions of the three folloWer pins abut on the rear 
end surface of the insertion grooves of the Zoom frame, the 
inclination of the optical aXis of the second-group frame is 
adjusted by the difference of the outside diameters of the 
thrust abutment portions. In this lens barrel, the position and 
the inclination of the optical aXis of lenses can be easily 
adjusted by selecting and mounting folloWer pins. 
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LENS BARREL AND METHOD OF ASSEMBLING 
THE SAME 

[0001] This application claims bene?t of Japanese Appli 
cation No. 2001-096843 ?led in Japan on Mar. 29, 2001, the 
contents of Which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a lens barrel in 
Which an optical axis can be adjusted and to a method of 
assembling the same. 

[0004] 2. Description of the Related Art 

[0005] Conventionally, various proposals have been made 
for an optical axis adjustment mechanism of lens groups in 
a lens barrel used in cameras, and the like. For example, 
Japanese Unexamined Patent Application Publication No. 
11-305106 discloses an optical axis adjustment mechanism 
used in a lens barrel employing an optical system, and the 
optical axis adjustment mechanism advances and retracts 
lens groups for focusing and Zooming. 

[0006] In this conventional optical system lens barrel, 
three helicoid pieces are attached to a lens group frame by 
screWs to support the lens group frame such that it is free to 
advance and retract With respect to a main lens barrel 
member. Adjustment spacers are inserted into the helicoid 
pieces to prevent the backlash betWeen helicoid thread on 
the lens barrel main body side and the helicoid pieces and 
simultaneously to adjust the center axis of the optical axis of 
the lens groups. 

[0007] HoWever, assembly is time-consuming in the 
arrangement disclosed in Japanese Unexamined Patent 
Application Publication No. 11-305106 because it requires 
inserting the adjustment spacers in each lens group frame. 
Further, the optical axis can be adjusted only in a direction 
perpendicular to the optical axis, and the inclination of the 
optical axis cannot be adjusted. 

[0008] Further, there is also a method of providing a gap 
at the portion Where the lens group frame is supported and 
bonding and securing lens groups such that they are centered 
from the outside. HoWever, Workability is not good in this 
bonding method because variation With time must be taken 
into consideration and further bonding is required. 

[0009] Furthermore, as generally employed optical axis 
adjustment method, there is also a method of obtaining a 
desired accuracy for an optical axis by correcting a metal 
mold While measuring the decentering of an optical axis 
positioning member acting as a molded member. In this 
method, hoWever, it is necessary to perform adjustment 
again When the molding conditions change, thus requiring a 
long preparation time to produce parts. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention, Which Was 
made to overcome the above disadvantages, is to provide a 
lens barrel in Which the position of the optical axis of the 
lens barrel and/or the inclination of the optical axis thereof 
can be easily adjusted, and to provide a method of assem 
bling the lens barrel. 
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[0011] The lens barrel of the present invention includes a 
?rst frame member for supporting lenses; a second frame 
member for holding the ?rst frame member; and a plurality 
of adjustment members interchangeably secured to the ?rst 
frame member, each of the plurality of adjustment members 
including an abutment portion, Which abuts on the second 
frame member in an optical axis direction to adjust the 
amount of inclination of the lenses With respect to the optical 
axis of other lenses in the lens barrel through the second 
frame member, and an inserted portion that is inserted 
betWeen the ?rst frame member and the second frame 
member to adjust the decentering betWeen the optical axis of 
the lenses and an optical axis of other lenses in the lens 
barrel through the second frame member. With this arrange 
ment, the amount of inclination and the amount of decen 
tering of the lenses With respect to the optical axis of the 
other lenses are adjusted by selectively changing the adjust 
ment members that are abutted on the second frame member 
to determine the relative position thereof and ?xing the 
adjustment members to the ?rst frame member. 

[0012] Further, in a method of assembling a lens barrel of 
the present invention that includes a ?rst frame member for 
supporting lenses, a second frame member for holding the 
?rst frame member, and a plurality of adjustment members 
detachably secured to the ?rst frame member, each of the 
plurality of adjustment members including an inserted por 
tion inserted betWeen the ?rst frame member and the second 
frame member to adjust the decentering betWeen the optical 
axis of the lenses and an optical axis of other lenses in the 
lens barrel through the second frame member as Well as 
including an abutment portion abutting on the second frame 
member in an optical axis direction to adjust the inclination 
betWeen the optical axis of the other lenses in the lens barrel 
and an optical axis of the lenses through the second frame 
member, the method includes the steps of assembling a 
plurality of adjustment members, each of the plurality of 
adjustment members having the same shape, on the lens 
barrel; measuring the amount of decentering and the amount 
of inclination of the lenses; selecting adjustment members 
from a plurality of kinds of adjustment members each 
having a combination an inserted portion produced in a 
different siZe and an abutment portion produced in a differ 
ent siZe based on the measured amount of decentering and 
inclination of the lenses; and assembling the selected adjust 
ment members on the lens barrel. 

[0013] Other featuers and advantages of the present inven 
tion Will become more apparent from the folloWing descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a longitudinal sectional vieW of a lens 
barrel of a ?rst embodiment of the present invention taken 
along the optical axis thereof; 
[0015] FIG. 2 is a sectional vieW of the lens barrel of the 
?rst embodiment shoWn in FIG. 1 in a direction perpen 
dicular to the optical axis thereof and shoWs the cross 
sections of cam folloWer portions; 

[0016] FIG. 3 is a developed elevational vieW of a cam 
folloWer insertion groove of a Zoom frame that constitutes 
the lens barrel of the ?rst embodiment shoWn in FIG. 1; 

[0017] FIG. 4 is a front elevational vieW of a cam folloWer 
implanted in a second-group frame that constitutes the lens 
barrel of the ?rst embodiment shoWn in FIG. 1; 
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[0018] FIG. 5 is a sectional vieW of the lens barrel of the 
?rst embodiment shown in FIG. 1 taken in the direction 
perpendicular to the optical aXis thereof and shoWs the cross 
sections of cam folloWer portions in a state in Which the 
decentering of the optical aXis is adjusted; 

[0019] FIG. 6 is a sectional vieW of the lens barrel taken 
along the line VI-VI of FIG. 5; 

[0020] FIG. 7 is a sectional vieW of the lens barrel of the 
?rst embodiment shoWn in FIG. 1 taken in the direction 
perpendicular to the optical aXis thereof and shoWs the cross 
sections of cam folloWer portions in a state in Which the 
inclination of the optical aXis is adjusted; 

[0021] FIG. 8 is a sectional vieW of the lens barrel taken 
along the line VIII-VIII of FIG. 7; 

[0022] FIG. 9 is a longitudinal sectional vieW of a lens 
barrel of a second embodiment of the present invention 
taken along the optical aXis thereof; 

[0023] FIG. 10 is a sectional vieW of the lens barrel of the 
second embodiment shoWn in FIG. 9 taken in a direction 
perpendicular to the optical aXis thereof and shoWs the cross 
sections of cam folloWer portions; 

[0024] FIG. 11 is a developed elevational vieW of a cam 
groove of a rotary frame that constitutes the lens barrel of the 
second embodiment shoWn in FIG. 9; 

[0025] FIG. 12 is a front elevational vieW of a cam 
folloWer implanted in a second-group frame that constitutes 
the lens barrel of the second embodiment shoWn in FIG. 9; 

[0026] FIG. 13 is a sectional vieW of the lens barrel of the 
second embodiment shoWn in FIG. 9 taken in the direction 
perpendicular to the optical aXis thereof and shoWs the cross 
sections of cam folloWer portions in a state in Which the 
decentering of the optical aXis is adjusted; 

[0027] FIG. 14 is a sectional vieW of the lens barrel taken 
along the line XIV-XIV of FIG. 13; 

[0028] FIG. 15 is a sectional vieW of the lens barrel of the 
second embodiment shoWn in FIG. 9 taken in the direction 
perpendicular to the optical aXis thereof and shoWs the cross 
sections of cam folloWer portions in a state in Which the 
inclination of the optical aXis is adjusted; 

[0029] FIG. 16 is a sectional vieW of the lens barrel taken 
along the line XVI-XVI of FIG. 15; 

[0030] FIG. 17 is a longitudinal sectional vieW of a cam 
folloWer of a ?rst modi?cation to the cam folloWer applied 
to the lens barrel of the second embodiment shoWn in FIG. 
9; and 

[0031] FIG. 18 is a longitudinal sectional vieW of a cam 
folloWer of a second modi?cation of the cam folloWer 
applied to the lens barrel of the second embodiment shoWn 
in FIG. 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Embodiments of the present invention Will be 
described beloW With reference to the draWings. 

[0033] FIG. 1 is a longitudinal sectional vieW of a lens 
barrel of a ?rst embodiment of the present invention taken 
along the optical aXis thereof. FIG. 2 is a sectional vieW of 
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the lens barrel in a direction perpendicular to the optical aXis 
thereof and shoWs the cross sections of folloWer pin por 
tions. FIG. 3 is a developed elevational vieW of the folloWer 
pin insertion groove of a Zoom frame that constitutes the lens 
barrel. FIG. 4 is a front elevational vieW of a folloWer pin 
implanted in a second-group frame that constitutes the lens 
barrel. 

[0034] The lens barrel 1 of the ?rst embodiment is a lens 
barrel capable of performing Zooming and is composed of a 
?Xed frame 2, a rotary frame 3, a Zoom frame 4, a ?rst-group 
frame 5, a second-group frame 6 holding a second lens 
group 10 and a shutter 11, and a linear-movement key 8. The 
rotary frame 3 is supported so as to rotate as Well as to 
advance and retract With respect to the ?Xed frame 2 and is 
driven in rotation by a lens barrel drive unit (not shoWn); the 
Zoom frame 4 is supported so as to rotate as Well as to 
relatively advance and retract With respect to the rotary 
frame 3; the ?rst-group frame 5 holds a ?rst lens group 9; 
and the second-group frame 6 holds the second lens group 
10 and the shutter 11. Note that the center aXis of the 
?rst-group frame 5 that also acts as the optical aXis of the 
?rst lens group 9 is called an optical axis 01, and the center 
aXis of the second-group frame 6 that also acts as the optical 
aXis of the second lens group 10 is called an optical axis 02 
(the optical aXis before it is adjusted is denoted by reference 
numeral O2‘). 
[0035] The ?Xed frame 2 has a helicoid female thread 2a 
and a linear-movement guide groove 2b on the inner periph 
eral portion thereof. 

[0036] The rotary frame 3 has a helicoid male thread 3a on 
the outer peripheral portion at the rear end thereof and a 
helicoid female thread 3b on the inner peripheral portion 
thereof. The helicoid male thread 3a is threaded into the 
helicoid female thread 2a of the ?Xed frame 2. The rotary 
frame 3 is driven in rotation by the lens barrel drive unit (not 
shoWn) and eXtends from a collapsed position to a photo 
graphing position While being rotated With respect to the 
?Xed frame 2. 

[0037] The linear-movement key 8 includes a projection 
8a, Which is slidably inserted into the linear-movement 
guide groove 2b of the ?Xed frame 2, and a key unit 8b 
Which guides the linear-movement of the Zoom frame 4. The 
linear-movement key 8 integrally advances and retracts in 
the optical aXis direction While being guided to move 
linearly through the ?Xed frame 2 by means of a knoWn 
support mechanism. 

[0038] The Zoom frame 4 is arranged as a second cylin 
drical frame member and includes a helicoid male thread 4a, 
three folloWer pin insertion grooves 4c, and a key groove 4d. 
The helicoid male thread 4a is disposed on the outer 
peripheral portion at the rear end of the Zoom frame 4 and 
is threaded into the helicoid female thread 3b of the rotary 
frame 3, the three folloWer pin insertion grooves 4c are 
formed on the cylindrical portion of the Zoom frame 4 along 
the optical aXis direction, and the key unit 8b of the 
linear-movement key 8 is slidably inserted into the key 
groove 4d. Further, the ?rst-group frame 5 is secured to the 
front portion of the Zoom frame 4. The Zoom frame 4 
advances and retracts While being guided by the linear 
movement key 8 so as to move linearly. 

[0039] The second-group frame 6 is arranged as a ?rst 
cylindrical frame member and has three implanting holes 6a 
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Which are de?ned on the peripheral portion thereof to secure 
the follower pins. Flat radial abutment surfaces 6b, on Which 
the ?ange portions of folloWer pins 12A 12B, . . . , and the 
like abut, are formed around the implanting holes 6a. An 
urging spring 7 that is a compressed spring is inserted 
betWeen the Zoom frame 4 and the second-group frame 6 so 
as to urge the second-group frame 6 rearWard (toWards an 
imaging side) With respect to the Zoom frame 4 at all times. 
Then, the second-group frame 6 is driven by the Zoom frame 
4 in an extending direction by three folloWer pins of a 
plurality of folloWer pins 12A, 12B, 12C, 12D, . . . and 
positioned. 
[0040] The above three folloWer pins are selected from the 
plurality of folloWer pins 12A, 12B, . . . the optical axis 
adjustment portions of Which have a different siZe, as shoWn 
in FIG. 4, and are forcibly implanted in the three implan 
tation holes 6a. Then, the respective folloWer pins are 
detachably implanted in the implanting holes 6a. 

[0041] The folloWer pins 12A, 12B, 12C, 12D, are fol 
loWer pin members that also function as adjustment mem 
bers for adjusting the optical axis. The folloWer pins 12A, 
12B, 12C, 12D, . . . have ?xing shaft portions 12a, thrust 
abutment portions 12A1, 12B1, 12C1, 12D1, . . . , and ?ange 
portions 12A2, 12B2, 12C2, 12D2, . . . . The ?xing shaft 
portions 12a are forcibly inserted into and secured to the 
implanting holes 6a, the thrust abutment portions 12A1, 
12B1, 12C1, 12D1, . . . act as inclination adjustment portions 
(abutment portions) composed of columnar shafts having 
various outside diameters Dn and are each formed in a 
different shape, respectively, and the ?ange portions 12A2, 
12B2, 12C2, 12D2, . . . act as decentering adjustment 
portions (portions to be inserted) having various thicknesses 
Tn. 

[0042] The surface of each of the ?ange portions 12A2, 
12B2, . . . on the shaft portion 12a side thereof is formed as 

a ?at surface 12b, Whereas the surface of each of the ?ange 
portions 12A2, 12B2, . . . on the thrust abutment portion 
12A1, 12B1, . . . side thereof is formed as a partially 
spherical surfaces 12c that corresponds to the curvature of 
the inner peripheral surface 4b of the Zoom frame 4. When 
the folloWer pins are implanted, the ?at surfaces 12b abut on 
the radial abutment surfaces 6b of the second-group frame 6, 
and the partially spherical surfaces 12c abut on the inner 
peripheral surface 4b of the Zoom frame 4, that is, the ?ange 
portions 12A2, 12B2, 12C2, . . . are able to be inserted 
betWeen the second-group frame 6 and the Zoom frame 4. 

[0043] Further, as shoWn in FIG. 3, the folloWer pin 
insertion grooves 4c of the Zoom frame 4 have a Width d0 so 
that even the abutment portion having the maximum diam 
eter among the abutment portions 12A1, 12B1, . . . of the 
applicable folloWer pins can be inserted into the folloWer pin 
insertion grooves 4c. 

[0044] The position of the second-group frame 6 in the 
radial direction of the optical axis O2‘ is determined With 
respect to the inner peripheral surface 4b of the Zoom frame 
4 through the ?ange portions 12A2, 12B2, . . . of the folloWer 
pins 12A, 12B, . . . interposed therebetWeen. Further, the 
second-group frame 6 is urged rearWard relative to the Zoom 
frame 4 and the ?rst-group frame 5 by the urging force of the 
urging spring 7. When the second-group frame 6 extends, 
the thrust abutment portions 12A1, 12B1, . . . of the three 
folloWer pins 12A, 12B, . . . abut on the rear end (imaging 
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side) of the folloWer pin insertion grooves 4c of the Zoom 
frame 4. In the abutment state, the position of the second 
group frame 6 in the optical axis direction and the inclination 
of the optical axis are determined. 

[0045] Accordingly, the decentering of the optical axis O2‘ 
of the second-group frame 6 With respect to the optical axis 
O1 is adjusted by the difference of the thicknesses Tn of the 
?anges 12A2, 12B2, . . . of the three folloWer pins 12A, 
12B, . . . .At the same time, the inclination of the optical axis 
O2‘ of the second-group frame 6 With respect to the optical 
axis O1 of the ?rst-group frame 5 is adjusted by the 
difference of the outside diameters Dn of the thrust abutment 
portions 12A1, 12B1 . . . of the folloWer pins 12A, 12B, . . 

[0046] When the lens barrel 1 having the above arrange 
ment is collapsed, the rotary frame 3 and the Zoom frame 4 
are retracted into the ?xed frame 2. The second-group frame 
6 moves to a position relatively close to the ?rst-group frame 
5 against the urging force of the urging spring 7. 

[0047] When the lens barrel 1 is in a Wide angle state or 
a telescopic state Where photographing is possible, the rotary 
frame 3 is driven in rotation and extends forWard of the ?xed 
frame 2, and the Zoom frame 4 that holds the ?rst-group 
frame 5 also extends further forWard With respect to the 
rotary frame 3, as shoWn in FIG. 1. In addition, the 
second-group frame 6 extends together With the Zoom frame 
4 in a state in Which the folloWer pins 12A, 12B, . . . abut 
on the rear ends of the folloWer pin insertion grooves 4c of 
the Zoom frame 4. 

[0048] Next, a method (assembling method) of adjusting 
the decentering and the inclination of the optical axis O2‘ of 
the second-group frame 6 Will be described using FIGS. 5 to 
8. 

[0049] FIG. 5 is a sectional vieW of the lens barrel 1 taken 
in the direction perpendicular to the optical axis thereof and 
shoWs the cross section of folloWer pin portions in a state in 
Which the decentering of the optical axis is adjusted. FIG. 6 
is a sectional vieW of the lens barrel 1 taken along the line 
VI-VI of FIG. 5. FIG. 7 is a sectional vieW of the lens barrel 
1 taken in the direction perpendicular to the optical axis 
thereof and shoWs the cross sections of folloWer pin portions 
in a state in Which the inclination of the optical axis is 
adjusted. FIG. 8 is a sectional vieW of the lens barrel 1 taken 
along the line VIII-VIII of FIG. 7. 

[0050] When the decentering and the inclination of the 
optical axis are adjusted, ?rst, three reference folloWer pins 
12A of a standard type are mounted on the second-group 
frame 6 as folloWer pins, and the optical axis is measured 
using a laser-type lens decentering measuring instrument, or 
the like. Then, the relative amount of decentering 61 and the 
relative inclination angle 01 of the optical axis O2‘ of the 
second-group frame 6 With respect to the optical axis O1 of 
the ?rst-group frame 5 are determined (refer to FIGS. 5 and 
8). Note that the inclination angle 01 of the optical axis O2‘ 
is shoWn by the inclination angle about the positions having 
a vertical distance H1 from the optical axis O2‘ to the tWo 
loWer folloWer pins. 

[0051] When the amount of decentering 6 of the optical 
axis O2‘ of the second-group frame 6 is adjusted, one 
folloWer pin 12B and tWo folloWer pins 12C, for example, 
are selected. Then, as shoWn in FIGS. 5 and 6, the folloWer 
pin 12B is ?xed to one upper portion of the second-group 



US 2002/0141078 A1 

frame 6 and the follower pins 12C are implanted at tWo 
loWer positions thereof in place of the folloWer pins 12A. 

[0052] The ?ange portions 12B2 and 12C2 of the folloWer 
pins 12B and 12C have thicknesses T2 and T3, respectively, 
and the thickness T2 is larger than the thickness T3 and is set 
to a siZe for moving the optical axis O2‘ doWnWard by 61. 
Therefore, the mounting of the folloWer pins causes the 
optical axis O2‘ of the second-group frame 6 to move 
doWnWard by the amount of decentering 61, as shoWn in 
FIGS. 5 and 6, and thereby the optical axis O1 of the 
?rst-group frame 5 agrees With the optical axis O2 of the 
second-group frame 6. HoWever, When the above adjustment 
is performed only for the adjustment of decentering, the 
outside diameters of the thrust abutment portions 12B1 and 
12C1 of the folloWer pins 12B and 12C are set to the same 
as that of the thrust abutment portion 12A1 of the reference 
folloWer pin 12A. 

[0053] Next, When the inclination 01 of the optical axis 
O2‘ of the second-group frame 6 is adjusted, one folloWer 
pin 12D and tWo reference folloWer pins 12A, for example, 
are selected. Then, as shoWn in FIGS. 7 and 8, the folloWer 
pin 12D is ?xed to one upper portion of the second-group 
frame 6 in place of the folloWer pin 12A, and the folloWer 
pins 12 at tWo loWer portions remain as they are. 

[0054] The thrust abutment portions 12D1 and 12A1 of the 
folloWer pins 12D and 12A have outside diameters D2 and 
D1, respectively, and the outside diameter D2 is larger than 
the outside diameter D1 and has a siZe for changing the 
inclination of the optical axis O2‘ by the inclination angle 01. 
Therefore, the inclination of the optical axis O2‘ of the 
second-group frame 6 is corrected by the inclination angle 
01, as shoWn in FIG. 8, and thereby the direction of the 
optical axis O1 of the ?rst-group frame 5 agrees With the 
direction of the optical axis O2 of the second-group frame 6. 
HoWever, When the above adjustment is performed only for 
the adjustment of inclination, the thicknesses of the ?ange 
portions 12D2 of the folloWer pins 12D are made equal to the 
thickness of the ?ange portion 12A2 of the reference fol 
loWer pin 12A. 

[0055] Further, When inclination must be adjusted simul 
taneously With the adjustment of decentering, three folloWer 
pins must be selected of Which both the ?ange portions and 
the thrust abutment portions have different thicknesses and 
different diameters corresponding to the amount of decen 
tering and the inclination angle that must be adjusted. 

[0056] In the adjustment of the decentering and the incli 
nation of the optical axis, a plurality of types of folloWer pins 
Whose thrust abutment portions and the ?ange portions each 
have a predetermined difference in siZe that is set in a 
stepWise manner are actually prepared as folloWer pins 12B, 
12C, 12D, . . . . Then, the amount of decentering and the 

inclination angle, Which Were actually measured, of the 
optical axis O2‘ of the second-group frame 6 are adjusted in 
a stepWise manner by selecting folloWer pins Which permit 
the amount of decenterinq and the inclination angle to be set 
Within alloWable ranges after adjustment from the plurality 
of folloWer pins having siZes that are set in a stepWise 
manner. 

[0057] According to the lens barrel 1 of the ?rst embodi 
ment described above, the decentering and the inclination of 
the optical axis can be simply and reliably adjusted by 
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selecting and applying the folloWer pins, to be implanted in 
the second-group frame 6 Whose thicknesses of the ?ange 
portions thereof and Whose outside diameters of the thrust 
abutment portions thereof correspond to the amount of 
decentering and/or the inclination angle of the optical axis 
before adjustment from the plurality of folloWer pins 12A, 
12B, . . . . 

[0058] Further, When the Zoom frame 4, the ?rst-group 
frame 5, the second-group frame 6, and further the ?rst lens 
group 9, and the second lens group 10 vary Within prede 
termined ranges betWeen individual production lots and thus 
the adjustment range of the optical axis is Within an alloW 
able range even if the same folloWer pins are applied, it is 
possible to adjust the optical axis Without changing the 
shape of the folloWer pins to be selected, Which makes the 
adjustment very simple. 

[0059] Further, the directions in Which the decentering and 
the inclination are adjusted are not limited to the three 
direction in Which the folloWer pins are disposed as in the 
above example. That is, it is possible to adjust the decen 
tering and the inclination in intermediate directions of the 
three directions by the combination of the siZes of the ?ange 
portions and the thrust abutment portions. 

[0060] Next, the lens barrel of a second embodiment of the 
present invention Will be described. 

[0061] FIG. 9 is a longitudinal sectional vieW of the lens 
barrel of the second embodiment of the present invention 
taken along the optical axis thereof. FIG. 10 is a sectional 
vieW of the lens barrel taken in a direction perpendicular to 
the optical axis thereof and shoWs the cross sections of cam 
folloWer portions. FIG. 11 is a developed elevational vieW 
of the cam groove of a rotary frame constituting the lens 
barrel. FIG. 12 is a front elevational vieW of a cam folloWer 
implanted in a second-group frame that constitutes the lens 
barrel. 

[0062] The lens barrel 21 of the second embodiment is a 
lens barrel capable of performing Zooming and is composed 
of a ?xed frame 22, a rotary frame 23 acting as a third frame 
member, a Zoom frame 24 acting as a second frame member, 
a ?rst-group frame 25, a second-group frame 26 acting as a 
?rst frame member, and a linear-movement key 28. The 
rotary frame 23 is supported so as to rotate as Well as to 
advance and to retract With respect to the ?xed frame 22 and 
is driven in rotation by a lens barrel drive unit (not shoWn): 
the Zoom frame 24 is supported so as to rotate as Well as to 
relatively advance and retract With respect to the rotary 
frame 23, the ?rst-group frame 25 holds the ?rst lens group 
29, and the second-group frame 26 holds a second lens 
group 30 and a shutter 31. Note that the center axis of the 
?rst-group frame 25 that also acts as the optical axis of the 
?rst lens group 29 is called an optical axis O1, and the center 
axis of the second-group frame 26 that also acts as the 
optical axis of the second lens group 30 is called an optical 
axis O2 (the optical axis before adjustment is denoted by 
reference numeral 02‘). 

[0063] The ?xed frame 22 has a helicoid female thread 
22a and a linear-movement guide groove 22b on the inner 
peripheral portion thereof. 

[0064] The rotary frame 23 has a helicoid male thread 23a 
on the outer peripheral portion at the rear end thereof, a 
helicoid female thread 23b on the inner peripheral portion 
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thereof, and three cam grooves 23c, Which are oblique With 
respect to an optical axis direction, on the inner peripheral 
portion thereof. The helicoid male thread 23a is threaded 
into the helicoid female thread 22a of the ?xed frame 22. 
When the rotary frame 23 is driven in rotation by a lens 
barrel drive unit (not shoWn), it extends from a collapsed 
position to a photographing position While being rotated 
With respect to the ?xed frame 22. 

[0065] The linear-movement key 28 includes a projection 
28a, Which is slidably inserted into the linear-movement 
guide groove 22b of the ?xed frame 22, and a key unit 28b 
Which directly guides the linear-movement of the second 
group frame 26. The linear-movement key 28 integrally 
advances and retracts in the optical axis direction While 
relatively rotating With respect to the ?xed frame 22 in a 
state in Which it is guided to move linearly by a knoWn 
support mechanism Without being rotated With respect to the 
?xed frame 22. 

[0066] The Zoom frame 24 is arranged as the second 
cylindrical frame member and has a helicoid male thread 
24a, Which is threaded into the helicoid female thread 23b 
of the rotary frame 23, on the outer peripheral portion at the 
rear end thereof and a guide groove 24c that passes through 
the cylindrical portion thereof along the optical axis direc 
tion. The ?rst-group frame 25 acting as the second frame 
member is secured to the front portion of the Zoom frame 24. 
The Zoom frame 24 is guided by the cam folloWers 32A, 
32B, . . . of the second-group frame 26 through the guide 
groove 24c so as to move linearly and is driven by the 
helicoid female thread 23b so as to advance and retract. 

[0067] The second-group frame 26 is arranged as the ?rst 
cylindrical frame member and has three implanting holes 
26a Which are de?ned on the peripheral portion thereof to 
secure the cam folloWers. Flat radial abutment surfaces 26b, 
on Which the ?ange portions of the cam folloWers 32A, 
32B . . . are formed around the implanting holes 26a. 

Further, a key groove 24d, into Which the key portion 28b of 
the linear-movement key 28 is slidably inserted, is formed in 
the second-group frame 26, and further an urging spring 27 
that is a compressed spring is inserted betWeen the Zoom 
frame 24 and the second-group frame 26. The second-group 
frame 26 is guided by the linear-movement key 28 so as to 
move linearly and is advanced and retracted by the cam 
grooves 23c of the rotary frame 23 through the cam folloW 
ers 32A, 32B . . . . 

[0068] Three cam folloWers are selected from a plurality 
of cam folloWers 32A, 32B, 32C, 32D, . . . Whose optical 
axis adjustment portions have different siZes, as shoWn in 
FIG. 12, and are forcibly implanted in the three implanted 
holes 26a. The respective cam folloWers are detachably 
implanted in the implanting holes 26a. 

[0069] The cam folloWers 32A, 32B, 32C, 32D, . . . are 
cam folloWers that also function as adjustment members for 
adjusting the optical axis. The cam folloWers 32A, 32B, 
32C, 32D, . . . have ?xing shaft portions 32a, Which can be 
forcibly inserted in the implanting holes 26a, shaft portions 
32b for regulating the rotation of the Zoom frame 24, thrust 
abutment portions 32A1, 32B1, 32C1, 32D1, . . . , and ?ange 
portions 32A2, 32B2, 32C2, 32D2, . . . that act as decentering 
adjustment portions (inserted portions) having various thick 
nesses Tm. The thrust abutment portions 32A1, 32B1, 32C1, 
32D1, . . . are arranged as inclination adjustment portions 
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(abutment portions) that are composed of columnar shafts 
having various outside diameters Dm and also act as cam 
folloWer portions. 

[0070] The shaft portions 32b pass through the guide 
groove 24c of the Zoom frame 24, are slidably inserted 
therein, and guide the Zoom frame 24 so that it moves 
linearly. 
[0071] The surface of each of the ?ange portions 32A2, 
32B2,. . . on the shaft portion 32a side thereof is formed as 
a ?at surface 32c, Whereas the surface of each of the ?ange 
portions 32A2, 32B2, . . . on the thrust abutment portion 32b 
side thereof is formed as a partially spherical surface 32d 
that corresponds to the curvature of the inner peripheral 
surface 24b of the Zoom frame 24. When the cam folloWers 
are implanted, the ?at surfaces 32b abut on the radial 
abutment surfaces 26b of the second-group frame 26, and 
the partially spherical surfaces 32d abut on the inner periph 
eral surface 24b of the Zoom frame 24, that is, the ?ange 
portions 32A2, 32B2, . . . are able to be inserted betWeen the 
Zoom frame 24 and the second-group frame 26. 

[0072] The thrust abutment portions 32A1, 32B1, . . . are 
inserted into the cam grooves 23c of the rotary frame 23. As 
shoWn in the developed vieW of FIG. 11, the cam grooves 
23c have a groove Width d1 so that even the abutment 
portion having the maximum diameter among the thrust 
abutment portions 32A1, 32B1, . . . of the applicable cam 
folloWers can be inserted into the cam grooves 23c. 

[0073] The second-group frame 26 is supported such that 
the ?ange portions 12A2, 12B2, . . . of the three cam 
folloWers 32A, 32B, . . . , and the like are interposed With 

respect to the inner peripheral surface 24b of the Zoom frame 
24, and thereby the position of the second-group frame 26 in 
the radial direction is determined. 

[0074] Further, the second-group frame 26 in an extended 
state is moved relatively rearWard With respect to the Zoom 
frame 24 and the ?rst-group frame 25 by the urging force of 
the urging spring 27, and the thrust abutment portions 32A1, 
32B1, . . . of the three cam folloWers 32A, 32B, . . . , and the 

like abut on the rear Wall surface (imaging side) of the cam 
groove 24c of the Zoom frame 24. In the abutment state, the 
a position of the second-group frame 26 in the optical axis 
direction and the inclination of the optical axis are deter 
mined. 

[0075] Accordingly, the decentering of the optical axis 02‘ 
of the second-group frame 26 With respect to the optical axis 
O1 of the ?rst-group frame 25 is adjusted by the difference 
in the thicknesses Tm of the ?ange portions 32A2, 
32B2, . . . of the three cam folloWers 32A, 32B, . . . , and the 

like. Further, the inclination of the optical axis 02‘ of the 
second-group frame 26 With respect to the optical axis O1 of 
the ?rst-group frame 25 is adjusted by the difference in the 
outside diameters Dm of the thrust abutment portions 32A1, 
32B1, . . . of the cam folloWers 32A, 32B, . . . , and the like. 

[0076] In a state in Which photographing is possible, the 
rotary frame 23 is driven in rotation and extends forWard of 
the ?xed frame 22 as shoWn in FIG. 9, and the Zoom frame 
24 that holds the ?rst-group frame 25 is located at a Wide 
angle position With respect to the rotary frame 23. At the 
same time, the second-group frame 26 extends to the for 
Ward Wide angle position by the cam grooves 23c of the 
rotary frame 23 through the cam folloWers 32A, 32B, . . . . 
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[0077] Further, When Zooming is carried out from a Wide 
angle mode to a telescopic mode in the photographing state, 
the Zoom frame 24 that holds the ?rst-group frame 25 
extends to a further forward telescopic position by further 
rotating the rotary frame 23 in an extending direction. At the 
same time, the second-group frame 26 also extends to the 
forWard telescopic position by the cam grooves 23c through 
the cam folloWers 32A, 32B, . . . . 

[0078] Next, a method (assembling method) of adjusting 
the decentering and the inclination of the optical axis O2‘ of 
the second-group frame 26 Will be described in detail using 
FIGS. 13 to 16. 

[0079] FIG. 13 is a sectional vieW of the lens barrel 21 
taken in the direction perpendicular to the optical axis 
thereof and shoWs the cross sections of cam folloWer por 
tions in a state in Which the decentering of the optical axis 
is adjusted. FIG. 14 is a sectional vieW of the lens barrel 21 
taken along the line XIV-XIV of FIG. 13. FIG. 15 is a 
sectional vieW of the lens barrel 21 taken in the direction 
perpendicular to the optical axis thereof and shoWs the cross 
sections of the cam folloWer portions in a state in Which the 
inclination of the optical axis is adjusted. FIG. 16 is a 
sectional vieW of the lens barrel 21 taken along the line 
XVI-XVI of FIG. 15. Note that the difference in the 
thicknesses of the ?ange portions of the cam folloWers and 
the difference in the outside diameters of the thrust abutment 
portions thereof are shoWn in FIGS. 13 to 16 and FIG. 10 
in an enlarged fashion so that they can be easily understood. 

[0080] When the decentering and the inclination of the 
optical axis are adjusted, ?rst, three reference cam folloWers 
32A of a standard type are mounted on the second-group 
frame 26 as cam folloWers, and the optical axis is measured 
using a laser-type lens decentering measuring instrument, or 
the like. The relative amount of decentering 611 and the 
relative inclination angle 011 of the optical axis O2‘ of the 
second-group frame 26 With respect to the optical axis O1 of 
the ?rst-group frame 25 are determined by the measurement 
of the optical axis (refer to FIGS. 13 and 16). Note that the 
inclination angle 011 of the optical axis O2‘ is shoWn by the 
inclination angle about the positions having a vertical dis 
tance H11 from the optical axis to the tWo loWer cam 
folloWers. 

[0081] When the amount of decentering 611 of the optical 
axis O2‘ of the second-group frame 26 is adjusted, one cam 
folloWer 32B and tWo cam folloWers 32C, for example, are 
selected. Then, as shoWn in FIGS. 13 and 14, the cam 
folloWer 32B is ?xed to one upper portion of the second 
group frame 26 and the cam folloWers 32B are ?xed to tWo 
loWer positions. 

[0082] The ?ange portions 32B2 and 32C2 of the cam 
folloWers 32B and 32C have thicknesses T12 and T13, 
respectively, and the thickness T12 is larger than the thick 
ness T13 and is set to a siZe for moving the optical axis O2‘ 
doWnWard by 611. Therefore, the mounting of the cam 
folloWers causes the optical axis O2‘ of the second-group 
frame 26 to move doWnWard by the amount of decentering 
611, as shoWn in FIGS. 13 and 14, and thereby the optical 
axis O1 of the ?rst-group frame 25 agrees With the optical 
axis O2 of the second-group frame 26. When the above 
adjustment is performed only for the adjustment of decen 
tering, the outside diameters of the thrust abutment portions 
32B1 and 32C1 of the cam folloWers 32B and 32C are set to 
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be the same as that of the thrust abutment portion 32A1 of 
the reference cam folloWers 32A. 

[0083] When the inclination 011 of optical axis O2‘ of the 
second-group frame 26 is adjusted, one cam folloWer 32D 
and tWo reference cam folloWers 32A, for example, are 
selected. Then, as shoWn in FIGS. 15 and 16, the cam 
folloWer 32D is ?xed to one upper portion of the second 
group frame 26 and the cam folloWers 32A are ?xed to tWo 
loWer portions. 

[0084] The thrust abutment portions 32B1 and 32A1 of the 
cam folloWers 32D and 32A have outside diameters D12 and 
D11, respectively, and the outside diameter D12 is larger 
than the outside diameter D11 and has a siZe for changing 
the inclination of the optical axis O2‘ by inclination angle 
011. Therefore, the inclination of the optical axis O2‘ of the 
second-group frame 26 is corrected by the inclination angle 
011, as shoWn in FIG. 16, and thereby the direction of the 
optical axis O1 of the ?rst-group frame 25 agrees With the 
direction of the optical axis O2 of the second-group frame 
26. When the above adjustment is performed only for the 
inclination, the thickness of the ?ange portion 32D2 of the 
cam folloWer 32D is set to be the same as that of the ?ange 
portion 32A2 of the reference cam folloWer 32A. 

[0085] Further, When inclination must be adjusted simul 
taneously With decentering, three cam folloWers must be 
selected of Which both the ?ange portions and the thrust 
abutment portions have a different thickness and a different 
diameter in correspondence to an amount of decentering and 
an inclination angle. 

[0086] In the adjustment of the decentering and the incli 
nation of the optical axis, a plurality of types of cam 
folloWers are actually prepared the thrust abutment portions 
and the ?ange portions of Which have each predetermined 
difference of siZe that is set stepWise as the cam folloWers 
32B, 32C, 32D, . . . . Then, the amount of decentering and 
the inclination angle, Which Were actually measured, of the 
optical axis O2‘ of the second-group frame 26 are adjusted 
stepWise by selecting cam folloWers, Which permit the 
amount of defection and the inclination angle to be set 
Within alloWable ranges after adjustment, from the plurality 
of cam folloWers having the siZes that are set in a stepWise 
manner. 

[0087] According to the lens barrel 21 of the second 
embodiment described above, the decentering and the incli 
nation of the optical axis can be simply and reliably 
adjusted, similarly to the lens barrel 1 of the ?rst embodi 
ment, by selecting and applying the cam folloWers, Which 
have the thicknesses of the ?ange portions thereof and the 
outside diameters of the thrust abutment portions thereof 
that correspond to the amount of decentering and/or the 
inclination angle of the optical axis before adjustment, as the 
cam folloWers to be secured to the second-group frame 26 
from the cam folloWers 32A, 32B, . . . . 

[0088] In particular, the optical axis adjustment mecha 
nism of the lens barrel 21 of the second embodiment can be 
applied to a lens barrel to Which a cam folloWer that is 
inserted into a cam groove is applied. Further, the optical 
axis adjustment mechanism of the lens barrel 21 of the 
second embodiment is similar to that of the lens barrel 1 of 
the ?rst embodiment in that the optical axis can be adjusted 
by changing the type of cam folloWer to be selected in each 
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production lot and that the decentering and the inclination 
can be adjusted in intermediate directions betWeen the 
directions in Which the cam followers are mounted. 

[0089] Note that, in the second embodiment, the Wall 
surfaces of each of the cam grooves 23c of the rotary frame 
23 in the lens barrel 21 are formed parallel to each other and 
the at thrust abutment portions 32A1, 32B1, . . . of the cam 
folloWers inserted into the cam grooves 23c are formed in 
the cylindrical surface in correspondence to the parallel Wall 
surfaces. HoWever, the present invention is not limited 
thereto, and a similar optical axis adjustment mechanism can 
be also applied to a lens barrel having such a cam mecha 
nism such that each cam groove is formed of an inclined 
taper groove and the thrust abutment portion of each cam 
folloWer is formed of a conical surface. 

[0090] Next, cam folloWers of a ?rst modi?cation to the 
plurality of cam folloWers 32A, 32B, 32C, 32D, . . . that are 
applied to the lens barrel 21 of the second embodiment Will 
be described. 

[0091] FIG. 17 is a longitudinal sectional vieW of a cam 
folloWer 33 of the ?rst modi?cation. 

[0092] A lens barrel to Which the cam folloWer 33 of the 
modi?cation is applied is similar to the lens barrel 21 of the 
second embodiment shoWn in FIG. 9. Thus, the folloWing 
description Will refer only to the portions of the cam 
folloWer 33 Which are different from those of the cam 
folloWer used in the second embodiment. 

[0093] The cam folloWers 33 are a plurality of folloWer 
members that also function as adjustment members for 
adjusting the optical axis. They are composed of tWo kinds 
of members each of Which has a different siZe and Which can 
be combined With each other, that is, they are composed of 
combinations of thrust abutment members 33A1, 33B 1 33C1, 
33D1, . . . acting as inclination adjustment members and 

?ange members 33A2, 33B2, 33C2, 33D2, . . . acting as 
decentering adjustment members. 
[0094] Each of the thrust abutment members 33A1, 
33B1, . . . is composed of a columnar shaft member having 
a different outside diameter Dm and further having a shaft 
portion 33f With a predetermined outside diameter Which can 
be forcibly inserted into the shaft hole 336 of each of the 
?ange members 33A2, 33B2, . . . . 

[0095] Each of the ?ange members 33A2, 33B2, . . . is 
composed of an inserted member (member to be inserted) 
having a different ?ange thickness Tm. Further, each of the 

?ange members 33A2> 33B2, . . . has a ?xing shaft portion 33a a predetermined outside diameter, a shaft portion 33b, and 

the shaft hole 336. The ?xing shaft portion 33a can be 
forcibly inserted into an implanting hole 26a of the second 
group frame 26, the shaft portion 33b is inserted into the 
linear-movement guide groove 24c of the Zoom frame 24 
and regulates the rotation of the Zoom frame 24, and the 
shaft hole 336 permits the shaft portion 33f of each of the 
thrust abutment members 33A1, 33B1, . . . to be forcibly 
inserted thereinto and secured therein. It should be noted that 
the surface of each of the ?ange portions of the ?ange 
members 33A2, 33B2, . . . on the shaft portion 33a side 
thereof is formed in a ?at surface 33c, Whereas the surface 
of each of the ?ange portions on the shaft portion 33b side 
thereof is formed as a partially spherical surface 33d that 
corresponds to the curvature of the inner peripheral surface 
24b of the Zoom frame 24. 
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[0096] The optical axis of the lens barrel 21, to Which the 
cam folloWers 33 of the modi?cation are applied, is adjusted 
by a method substantially similar to the method of adjusting 
the optical axis in the second embodiment. In the above cam 
folloWers 33, hoWever, a cam folloWer, Which is composed 
of a reference thrust abutment member 33A1 combined With 
a reference ?ange member 33A2 via a shaft portion 33f, is 
employed as a reference cam folloWer 33. 

[0097] When the optical axis is adjusted, three sets of the 
reference cam folloWers 33 are assembled on the lens barrel 
21, and ?rst, the amount of decentering of the optical axis 
O2‘ is measured. Three ?ange members having a thickness 
Tm capable of correcting the measured amount of decen 
tering are selected from the ?ange member 33A2, 33B2, . . . , 
combined With the reference thrust abutment members 
33A1, and are assembled on the lens barrel 21. Then, the 
amount of inclination of the optical axis 02‘ is further 
measured. Thrust abutment members having an outside 
diameter Dm capable of correcting the measured amount of 
inclination are selected from the thrust abutment members 
33A1, 33B1, . . . , and are combined With the above ?ange 

members, Which have been assembled, are assembled on the 
lens barrel 21, thereby completing the adjustment of the 
optical axis. 

[0098] When the cam folloWers 33 of the ?rst modi?cation 
are applied, cam folloWers 33 having many kinds of outside 
diameters Dm or thicknesses Tm can be formed by selecting 
and combining the thrust abutment members and the ?ange 
members Which have a feW siZes. Accordingly, the number 
of different kinds of the thrust abutment 
members 33A1, . . . or the number of different kinds of the 

?ange members 33A2, 33B2, . . . Which are prepared to make 

adjustment of a predetermined accuracy are reduced, thus 
permitting the number of parts Which are prepared for 
manufacturing to be decreased. 

[0099] Next, cam folloWers of a second modi?cation to 
the plurality of cam folloWers 32A, 32B, 32C, and 
32D, . . . that are applied to the lens barrel 21 of the second 

embodiment Will be described. 

[0100] FIG. 18 is a longitudinal sectional vieW of a cam 
folloWer 34 of the second modi?cation. 

[0101] A lens barrel to Which the cam folloWer 34 of the 
modi?cation is applied is similar to the lens barrel 21 of the 
second embodiment shoWn in FIG. 9. Thus, the folloWing 
description Will refer only to the portions of the cam 
folloWer 34 Which are different from those of the cam 
folloWer used in the second embodiment. 

[0102] The cam folloWers 34 are a plurality of folloWer 
members that also function as adjustment members for 
adjusting the optical axis. They are composed of tWo kinds 
of members each of Which has a different siZe and Which can 
be combined With each other, that is, they are composed of 
combinations of thrust abutment members 34A1, 34B 1 34C1, 
34D1, . . . acting as inclination adjustment members and 

?ange members 34A2, 34B2, 34C2, 34D2, . . . acting as 
decentering adjustment members. 

[0103] Each of the thrust abutment members 34A1, 
34B1 . . . is composed of a columnar shaft member having 

a different outside diameter Dm and further having a ?xing 
shaft portion 34a With a predetermined outside diameter, 
Which can be forcibly inserted into an implanting hole 26a 
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of the second-group frame 26, and a small ?ange portion 34f 
With a predetermined outside diameter Which can be forcibly 
inserted into the engaging hole 346 of each of the ?ange 
members 34A2, 34B2, . . . . 

[0104] Each of the ?ange members 34A2, 34B2, . . . is 
composed of an inserted member having a different ?ange 
thickness Tm. Each of the ?ange members 34A2, 34B2, . . . 
further has a shaft portion 34b, the engaging hole 346, and 
a hole 34g. The shaft portion 34b is inserted into the 
linear-movement guide groove 24c of the Zoom frame 24 
and regulates the rotation thereof, the engaging hole 346 
permits the small ?ange portion 34f of each of the thrust 
abutment members 34A1, . . . 34B1, to be forcibly inserted 
thereinto and secured therein, and the hole 34g permits a 
thrust abutment member to pass therethrough. It should be 
noted that the surface of each of the ?ange portions of the 
?ange members 34A2, 34B2, . . . on the shaft portion 34a 
side thereof is formed in a ?at surface 34c, Whereas the 
surface of each of the ?ange portions on the shaft portion 
34b side thereof is formed in a partially spherical surface 
34d that corresponds to the curvature of the inner peripheral 
surface 24b of the Zoom frame 24. 

[0105] The optical aXis of the lens barrel 21, to Which the 
cam folloWers 34 of the modi?cation are applied, is adjusted 
by a method substantially similar to the method of adjusting 
the optical aXis in the second embodiment. In the above cam 
folloWers 34, hoWever, a cam folloWer, Which is composed 
of a reference thrust abutment member 34A1 combined With 
a reference ?ange member 34A2 through a small ?ange 
portion 34f, is employed as a reference cam folloWer. 

[0106] When the optical aXis is adjusted, three sets of the 
reference cam folloWers 34 are assembled to the lens barrel 
21, and ?rst, the amount of decentering of the optical aXis 
O2‘ is measured. Three ?ange members having a thickness 
Tm capable of correcting the measured amount of decen 
tering are selected from the ?ange members 34A2, 34B2, . . . 
combined With the reference thrust abutment members 
34A1, and assembled to the lens barrel 21. The amount of 
inclination of the optical aXis 02‘ at that time is measured. 
Thrust abutment members having an outside diameter Dm 
capable of correcting the measured amount of inclination are 
selected from the thrust abutment members 34A1, . . . and 

combined With the above ?ange members having been 
assembled and assembled to the lens barrel 21, thereby 
completing the adjustment of the optical ads. 

[0107] When the cam folloWers 34 of the aforementioned 
modi?cation are applied, an effect similar to that of the case 
in Which the cam folloWers 33 of the ?rst modi?cation is 
applied can be achieved. 

[0108] It should be noted that the optical aXis adjustment 
method, to Which the cam folloWers 33 and 34 of the ?rst 
and second modi?cations are applied, is such that one of the 
amount of decentering of the optical aXis and the amount of 
inclination thereof is adjusted by selecting any of the ?ange 
members and the thrust members ?rst, and then the other one 
of the amount of inclination of the optical aXis or the amount 
of decentering thereof is adjusted by selecting the other 
thrust members and ?ange members. HoWever, the present 
invention is not limited to the above method, and it is 
possible to simultaneously adjust the optical aXis by select 
ing a combination of thrust members and ?ange members 
capable of correcting the amount of decentering of the 
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optical aXis and the amount of inclination thereof based on 
a result of measurement of the decentering of the optical aXis 
that is carried out by assembling cam folloWers each com 
posed of a reference ?ange member and a reference thrust 
member. 

[0109] Moreover, it is a matter of course that the cam 
folloWers 33 and 34 of the ?rst and second modi?cations can 
be also applied to the lens barrel 1 of the ?rst embodiment. 

What is claimed is: 
1. A lens barrel comprising: 

a ?rst frame member for supporting lenses; 

a second frame member for holding the ?rst frame mem 
ber; and 

a plurality of adjustment members interchangeably 
secured to the ?rst frame member, each of the plurality 
of adjustment members including an abutment portion 
abutting on the second frame member in an optical aXis 
direction to adjust the amount of inclination of the 
lenses With respect to the optical aXis of other lenses in 
the lens barrel through the second frame member. 

2. A lens barrel according to claim 1, Wherein the siZe of 
the abutment portion of at least one of the plurality of 
adjustment members is different from the siZe of the abut 
ment portions of the other adjustment members. 

3. A lens barrel according to claim 1, Wherein each of the 
plurality of adjustment members further includes an inserted 
portion that is inserted betWeen the ?rst frame member and 
the second frame member to adjust the decentering betWeen 
the optical aXis of the lenses and an optical aXis of other 
lenses in the lens barrel through the second frame member. 

4. Alens barrel according to claim 3, Wherein the inserted 
portion is interchangeable With the abutment portion. 

5. A lens barrel according to claim 3, Wherein the siZe of 
the inserted portion of at least one of the plurality of 
adjustment members is different from the siZe of the inserted 
portions of the other adjustment members. 

6. A lens barrel according to claim 3, Wherein one of the 
?rst frame member and the second frame member is rela 
tively movable With respect to the other of the second frame 
member and the ?rst frame member. 

7. A lens barrel according to claim 3, Wherein a plurality 
of the adjustment members are disposed on the ?rst frame 
member and include integrally thereWith ?xing shaft por 
tions ?Xed to the ?rst frame member, ?ange portions that act 
as the inserted portions, and that have a thickness in a radial 
direction of the lens barrel, and columnar shaft portions 
acting as the abutment portions. 

8. A lens barrel according to claim 3, Wherein the second 
frame member includes cam grooves, and the abutment 
portions of the adjustment members are engaged With the 
cam grooves. 

9. Alens barrel according to claim 7, Wherein the diameter 
of the columnar shaft portion of at least one of the plurality 
of adjustment members is different from the diameter of the 
columnar shaft portions of the other adjustment members. 

10. A lens barrel according to claim 7, Wherein the 
thickness of the ?ange portion of at least one of the plurality 
of adjustment members is different from the thickness of the 
?ange portions of the other adjustment members . 

11. A lens barrel according to claim 7, Wherein the 
diameter of the columnar shaft portion and the thickness of 
the ?ange portion of at least one of the plurality of adjust 



US 2002/0141078 A1 

ment members are different from the diameter of the colum 
nar shaft portions and from the thickness of the ?ange 
portions of the other adjustment members. 

12. A lens barrel comprising: 

a ?rst frame member for supporting lenses; 

a second frame member for holding the ?rst frame mem 
ber; and 

a plurality of adjustment members interchangeably 
secured to the ?rst frame member, each of the plurality 
of adjustment members including an inserted portion 
inserted betWeen the ?rst frame member and the second 
frame member to adjust the decentering betWeen the 
optical aXis of other lenses in the lens barrel and the 
optical aXis of the lenses through the second frame 
member. 

13. A lens barrel according to claim 12, further compris 
mg: 

a third frame member for supporting the second frame 
member, 

Wherein each of the adjustment members further includes 
an abutment portion abutting on the third frame mem 
ber in an optical aXis direction to further adjust the 
inclination of the lenses With respect to the optical aXis 
of the other lenses in the lens barrel through the second 
frame member. 

14. A lens barrel according to claim 13, Wherein the siZe 
of the abutment portion of at least one of the plurality of 
adjustment members is different from the size of the abut 
ment portions of the other adjustment members. 

15. Alens barrel according to claim 14, Wherein one of the 
second frame member and the third frame member is 
relatively movable With respect to the other of the third 
frame member and the second frame member. 

16. A lens barrel according to claim 13, Wherein a 
plurality of the adjustment members are disposed on the ?rst 
frame member and include integrally thereWith ?Xing shaft 
portions ?Xed to the ?rst frame member , ?ange portions that 
act as the inserted portions, and that have a thickness in a 
radial direction of the lens barrel, and columnar shaft 
portions acting as the abutment portions. 

17. Alens barrel according to claim 16, Wherein the ?ange 
portions are inserted betWeen the ?rst frame member and the 
second frame member, and the columnar shaft portions abut 
on the third frame member in the optical aXis direction. 

18. A lens barrel according to claim 12, Wherein the siZe 
of the inserted portion of at least one of the plurality of 
adjustment members is different from the siZe of the inserted 
portions of the other adjustment members. 

19. A lens barrel according to claim 12, Wherein the 
adjustment members further include abutment portions abut 
ting on the second frame member in the optical aXis direc 
tion to adjust the inclination of the lenses With respect to the 
optical aXis of the other lenses in the lens barrel through the 
second frame member. 

20. A lens barrel according to claim 19, Wherein the 
abutment portions are exchangeable With the inserted por 
tions. 

21. A lens barrel according to claim 19, Wherein the siZe 
of the abutment portion of at least one of the plurality of 
adjustment members is different from the siZe of the abut 
ment portions of the other adjustment members. 
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22. Alens barrel according to claim 19, Wherein one of the 
?rst frame member and the second frame member is rela 
tively movable With respect to the other of the second frame 
member and the ?rst frame member. 

23. A lens barrel according to claim 19, Wherein a 
plurality of the adjustment members are disposed on the ?rst 
frame member and include integrally thereWith ?xing shaft 
portions ?Xed to the ?rst frame member, ?ange portions that 
act as the inserted portions, and that have a thickness in a 
radial direction of the lens barrel, and a columnar shaft 
portions acting as the abutment portions. 

24. A lens barrel according to claim 19, Wherein the 
second frame member includes cam grooves, and the abut 
ment portions of the adjustment members are engaged With 
the cam grooves. 

25. A lens barrel according to claim 23, Wherein the 
diameter of the columnar shaft portion of at least one of the 
plurality of adjustment members is different from the diam 
eter of the columnar shaft portions of the other adjustment 
members. 

26. A lens barrel according to claim 23, Wherein the 
thickness of the ?ange portion of at least one of the plurality 
of adjustment members is different from the thickness of the 
?ange portions of the other adjustment members. 

27. A lens barrel according to claim 23, Wherein the 
diameter of the columnar shaft portion and the thickness of 
the ?ange portion of at least one of the plurality of adjust 
ment members are different from the diameter of the colum 
nar shaft portions and from the thickness of the ?ange 
portions of the other adjustment members. 

28. A method of assembling a lens barrel that comprises 
a ?rst frame member for supporting lenses, a second frame 
member for holding the ?rst frame member, and a plurality 
of adjustment members detachably secured to the ?rst frame 
member, each of the plurality of adjustment members 
including an inserted portion inserted betWeen the ?rst frame 
member and the second frame member to adjust the decen 
tering betWeen the optical aXis of the lenses and an optical 
aXis of other lenses in the lens barrel through the second 
frame member, the method comprising the steps of: 

assembling a plurality of the adjustment members, each of 
the plurality of adjustment members having the same 
shape, on the lens barrel; 

measuring the amount of decentering of the lenses; 

selecting adjustment members based on the measured 
amount of decentering from a plurality of kinds of 
adjustment members each having an inserted portion 
produced in a different siZe; and 

assembling the selected adjustment members on the lens 
barrel. 

29. A method of assembling a lens barrel that comprises 
a ?rst frame member for supporting lenses, a second frame 
member for holding the ?rst frame member, and a plurality 
of adjustment members detachably secured to the ?rst frame 
member, each of the plurality of adjustment members 
including an abutment portion abutting on the second frame 
member in an optical aXis direction to adjust the inclination 
betWeen the optical aXis of the lenses and an optical aXis of 
other lenses in the lens barrel through the second frame 
member, the method comprising the steps of: 




